blockers, nitric oxide (NO) and more recently, prostacyclin, have been used [11] [12] [13] and a favorable response to these vasodilating agents in PH correlates with an improved clinical outcome. 14 Inhaled NO (iNO) has been the preferred agent because of its trivial effect on cardiac output and lack of effect on the systemic circulation. 9, 11 Although it is increasingly used for PH in congenital heart defects, one of the main complications is deterioration of oxygenation following the withdrawal of iNO (rebound effect). Pulmonary vasodilatation in response to iNO is observed in some but not all patients, particularly those in the late stage of the disease. Responsiveness to other pulmonary vasodilating therapies may identify patients with advanced obstructive PH who could benefit from surgical repair of the CHD.
The newly developed oral analog of prostacyclin, beraprost sodium (BPS: Toray Industries, Inc, Tokyo, Japan), is a stable agent with a structure similar to prostaglandin I2 and has vasodilatory, antiplatelet and cytoprotective effects. 15 Its tmax (time to reach maximal concentration) is as early as 36 min, which enables it use as an acute vasodilating agent. Treatment of patients with PH over a period of time with BPS significantly decreased pulmonary vascular resistance by 17%. 16, 17 The aim of our study was to compare the central hemodynamic effects of orally administrated BPS with those of iNO and 100% oxygen in PH patients with CHD.
Methods
There were 90 patients who underwent cardiac catheterization during January to December 2003. The CHD cases were 22 atrial septal defect (ASD), 50 ventricular septal defect (VSD), 10 patent ductus arteriosus (PDA), 5 atrioventricular septal defect and 3 others complex lesions. Six patients had Down syndrome. PH was defined as a mean pulmonary artery (mPA) pressure greater than 75% of systemic arterial pressure or Rpa >4 Wood unit m 2 at the time of cardiac catheterization. Written, informed consent was obtained using a protocol approved by the ethics committees of the participating hospitals. The study was performed as a multicenter trial among large centers for congenital cardiac disease in Thailand.
Hemodynamic Assessment
All investigations were conducted in the fasting state with minimal sedation and all oral vasodilating drugs were withheld 24 h prior to the cardiac catheterization. Standard right heart catheterization including hemodynamic measurements and oximetry was performed. Oxygen consumption was obtained from the data of LaFrage and Miettinen. 18 Systemic and pulmonary arteriolar resistances (SVR and Rpa) were calculated using standard hemodynamic equations and are presented in absolute (Wood) unit m 2 . All patients received pulmonary vasodilating agents in the following order: 100% O2, then iNO after a 10 min interval [9] [10] [11] [12] and finally 1 g/kg of oral BPS. Thirty minutes was allowed for the peak effect of BPS before hemodynamic assessment was undertaken. 14 A change in pulmonary vascular reactivity was defined by a drop in mPA pressure, an increase in Qp:Qs and also a lowering of the Rpa (>20%) from the baseline data. [11] [12] [13] The outcome of acute pulmonary vasodilating testing was determined from the follow-up data on patients who had surgical repair of their CHD. Data were collected at the following time points: time spent in the postoperative intensive care unit (ICU time), intubation time, duration of hospital stay and complications such as death or pulmonary hypertensive crisis.
Statistical Analysis
Data are presented as the mean value ± SD for continuous variables, and as the number (percentage) for discrete variables. Comparisons of the acute pulmonary vasodilating effect of each agent from baseline were made. A nonparametric method, such as the Kruskal-Wallis test, was utilized if the data were not normally distributed. For all other individual comparisons, statistical significance was assumed at p=0.05. If a significant difference was found by Friedman test, a type I error was adjusted by using Bonferroni's method for a pair-wise multiple comparison. All analyses were performed using SPSS for Windows Ver.10.0 (Chicago, IL, USA).
Results

Patient Characteristics
The patients' ages ranged from 9 months to 56 years with an average of 16.5±16. Their weights were from 5 to 69 kg with an average of 26.4±17.8. The baseline mPA pressure was 69.6±14.8 mmHg and the Qp:Qs was 1.7±1.0. The Rpa was 13.8±8.3 Wood unit m 2 . Table 1 shows the baseline hemodynamic data during room air, 100% oxygen via face mask, 40 ppm iNO and BPS. Inhaled NO and oral BPS were well tolerated, and no complications such as bradycardia, chest pain or altered mental state were apparent in any patients. Three patients developed hypotension, which required an intravenous fluid bolus to maintain systolic blood pressure.
Response to Acute Vasodilating Agents
Using the criterion for change in pulmonary vascular reactivity as a drop in Rpa >20% from the baseline data, we found that the response to 100% O2, iNO and BPS was 84%, 72.7% and 64%, respectively. However, the Kolmogorov Smirnov test showed a non-normal distributed data set value, so the Kruskal-Wallis test was performed for all hemodynamic data for each agent. The p-value for each hemodynamic value was as follows: aortic saturation (Aosat) =0.001; mean aortic pressure (mean Ao pressure) = 0.627; mPA pressure =0.037; degree of left to right shunt (Qp:Qs) ≤0.001; Rpa ≤0.001; and the ratio of pulmonary to systemic vascular resistance (Rpa:Rs) ≤0.001. In order to compare the results for each pulmonary vasodilating agent, pair-wise comparisons of the data were also performed. The Bonferroni method was used to adjust for p-value, which revealed p<0.009 to be significant ( Table 2 ). In general, except for Aosat, which was higher in the 100% O2 and iNO groups, there were no significant differences in the effect of iNO or BPS on each hemodynamic parameter. The main finding was that BPS had the same pulmonary vasodilating effect as iNO. iNO and BPS has a similar acute effect on lowering Rpa (p=0.973), but there were 38 patients (42%) who had a lower Rpa after BPS than after iNO. We found an average difference in Rpa of 2.5 Wood unit m 2 using BPS compared with iNO. Although inhalation of 100% oxygen appeared to have the greatest effect on lowering Rpa from baseline, it showed no significant effect when compared with iNO (p=0.268).
Follow-up Results of Surgery
All of the patients' data were presented to the weekly cardiac catheterization conference. There were 17 patients who were not suitable for surgery and another 18 patients were either denied surgery on the basis of the high risk involved or were still on the waiting list, leaving 55 patients who underwent surgery, 2 of whom died from a pulmonary hypertensive crisis. The patients who had shown a lowering of Rpa ≥20% from baseline during acute pulmonary vasodilating testing had a shorter ICU time (1.2±1.0 days) when compared with those who had no response (3.46±4.2 days, p=0.017). The intubation time appeared shorter in patients who had a lower Rpa (6.05±15 h vs 9.5±15.01 h), but this was not significant statistically (p=0.103).
Discussion
Primary pulmonary hypertension (PPH) is a very common progressive disease in developed countries, with increasing evidence of genetic mutation. 19 In Thailand the most common reason for death from PH is CHD. In order to evaluate the CHD patient for surgery, acute pulmonary vasodilating testing has become routine in the clinical investigation of PH and we compared the effects of oral BPS with those of iNO on central hemodynamics data in patients with both CHD and severe PH.
The main finding was that BPS has the same pulmonary vasodilating effect as iNO. A previous study of epoprostenol showed a decrease in circulating monocyte chemoattractant protein-1 (MCP-1), which is the cytokine produced by human blood monocytes, and there was also the amelioration of hemodynamic variables. 20 Therefore, prostacyclin analog may have potential benefit over iNO as reflected by our finding that 38 patients (42%) had a better vasodilating response with BPS than with iNO. Furthermore, BPS caused no significant effect on Ao pressure or SVR.
Only 55 of the 90 patients in our studies underwent surgery and those who showed a reduction in Rpa (>20%) from baseline with BPS had a significantly shorter ICU time (1.2±1.0 days vs 3.46±4.2 days for those who did not show any response p=0.017). We speculate that the shorter ICU time in those patients indicates less advanced PH (thus lower risk) and it is this group of patients who potentially may also benefit from using BPS as the vasodilator testing agent during the postoperative period.
Evidence that oral BPS may induce a selective pulmonary vasodilatation in both primary and secondary PH was first provided by Saji et al in 1996 17 and recently, iNO was shown to have an effect on pulmonary vascular resistance that is the equivalent of 100% oxygen during acute pulmonary vasodilator testing in a cardiac catheterization laboratory. 9 However, the problem with 100% oxygen is that the Qp:Qs can be overestimated, which could result in underestimating Rpa.
It has demonstrated that short-term aerosol therapy with prostacyclin iloprost 21 in adult patients with PPH had a favorable effect on pulmonary hemodynamics without a significant decrease in systemic blood pressure. However, there are few published reports of the acute hemodynamic effects of BPS in children and adults with PH secondary to CHD. 16, 17, [22] [23] [24] [25] Uncontrolled studies in patients with PH have reported improved exercise capacity, [23] [24] [25] hemodynamic, and survival with chronic BPS administration. In the present investigation, iNO and oral BPS were both effective in lowering Rpa in patients with severe PA hypertension with the mean Rpa being almost 14 Wood unit m 2 . An acute pulmonary vasodilating effect after oral BPS administration was achieved, as indicated by the decrease in Rpa and a small effect on systemic arterial pressure. In one-third of the present patients, BPS had a better effect than iNO in lowering Rpa and the advantage of oral BPS over iNO is its nontoxicity and simple administration.
Conclusions
Although there was no statistical significant difference in the effect of BPS and iNO regarding the change in Rpa, some patients demonstrated a stronger pulmonary vasodilating effect after oral BPS than after iNO. Patients who showed a decrease in Rpa by more than 20% had a shorter ICU time after surgical repair of the CHD.
